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SUMMARY
Sugarcane bagasse pulp normally has high dewatering resistance and poor strength properties.  In a previous study 
it was shown that highly depithed bagasse chemical pulp has excellent dewatering properties which may improve 
the production rate of bagasse based tissue, paper and board. In this study pulp properties of this highly depithed 
bagasse pulp were tested and compared favourably with regular depithed bagasse pulp. In addition to better 
dewatering rates, the pulp yield, tear strength and water retention value seemingly improved. Whilst a slight reduction 
in burst, tensile and short-span compression strengths occurred, they were still comparable to values reported for a 
regular bagasse pulp.
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INTROdUCTION
The $2 billion pa Australian sugar industry is a single commodity 
producer and it is vulnerable financially because of its dependence 
on the world sugar price and favourable weather conditions. 
To increase diversification, the industry is investigating new 
products that can be made from fibrous sugarcane residue, that 
is, bagasse (1).  Bagasse pulp is a potential alternative to wood 
pulp for making fibrous products, such as paper, board and 
construction materials (2).  Although the international bagasse 
pulp and paper sector is worth in the order of $5 billion pa, there 
is no bagasse-based paper industry in Australia. Bagasse pulp is 
imported to Australia on a commercial scale for making tissue 
paper. Despite this apparent acceptability, high dewatering 
resistance and poor strength properties of Australian bagasse 
pulp are cited by the sugar industry as encumbrances that must 
be overcome.
The dewatering capacity of bagasse pulp is detrimentally affected 
by the presence of a very high amount of fine and short ‘pith’ 
fibres (length < 0.4 mm) (3,4) and this attribute dominates other 
bagasse pulp properties. These fibres constitute around 40% of 
the raw bagasse and the majority must be removed to make pulp 
of acceptable quality.  Conventional depithing equipment only 
removes 30% of the total mass of the raw bagasse.
The over-arching objective of this broader research project was 
to produce a pulp with low dewatering resistance, with a view 
to increasing productivity on a tissue, paper or board machine. 
It was found that by heavily depithing bagasse - removing a 
greater range of the shortest fibres (by sieving) by removing 
at least 40% and up to 75% of the raw bagasse- thick bagasse 
pulp pads were produced with lower dewatering resistance;  the 
effect of pith on the dewatering properties has been described 
previously (5 - 8).
The poor strength properties of Australian bagasse pulp was the 
focus of a concerted research effort in the 1980s by Gartside 
and co-workers (9-11). At that time, the strength properties were 
identified as a key concern, so in order to counter any further 
industry objections, it is necessary now to address the problem 
for pulps from bagasse with additional depithing. 
Bagasse pulp is most commonly used in tissue and photocopy 
grades since it has shorter pulp fibres (~1.0-1.2 mm fibre 
length) but it is also commonly used in corrugating medium, 
where it provides stiffness, and in newsprint, usually where 
an alternative is not available. Bagasse pulp tensile strength is 
affected by aspect ratio and fibre length; its tensile strength is in 
the order of 60-70 Nm.g whilst tear index is 5-7 mN.m2/g (3,4).  
There has been very few studies into depithing since Atchison 
described the state-of-the-art  over 30 years ago (12-16).  More 
recent research has included improving and maintaining 
conventional depithers (17,18), depithing other plant varieties 
such as sweet sorghum and cardunculus (19,20) and the effect of 
depithing on bagasse’s storage behaviour and the performance of 
sugar mill boilers (16,21,22).  Alternative processes for depithing 
are quite uncommon in the literature although Moeltner 
discussed techniques in the context of board manufacture (23).
Historically, there have been a number of designs for depithing 
equipment; modern commercial depithers mostly have the same 
operational principle as follows; a hammer mill is mounted on 
a vertical shaft.  The rotating assembly is mounted with straight 
hammers and operates at high speed, typically 1000 – 1800 rpm. 
The bagasse is fed into the top of the unit (typically) and it is 
hit by the hammers, opening up clumps of bagasse.  The pith 
is thrown through a screen whilst the longer bast material falls 
down the centre of the unit to a conveyor.  The pith is conveyed 
away to be burnt in the sugar mill boiler.  
Depithing usually occurs at the sugar mill so that the pith can 
be burnt to produce steam and electricity (i.e. pith is not lost) 
and to reduce raw bagasse transport costs. Bagasse depithing 
normally occurs in two stages.  In the first ‘moist depithing’ 
stage, the bagasse passes through the depither in the form 
it is received (i.e. ~50% moisture).  The second stage is ‘wet 
depithing’ whereby a bagasse slurry of 2.5% dry substance 
is depithed.  The problem with conventional depithing is that 
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although up to 35% of the shortest pith material is removed 
(30% is more common), a significant amount of pith remains. 
Depithed bagasse is stored wet in a stockpile for up to 12 months 
prior to pulping. Biologically active liquor circulates through the 
stockpile to further break down residual pith material.
This research compares the strength, optical and water retention 
properties of bagasse pulp from bagasse which has been treated 
with a high level of depithing (to improve its dewatering 
properties), with pulp from conventionally depithed bagasse. 
Economics were not considered in this study so that the impact 
of extra depithing costs and reduced bagasse to the pulping stage 
is not evaluated.
MATERIAL ANd METHOdS
Bagasse was collected from a sugar mill and transported to 
Brisbane where it was washed and dried to prevent degradation 
and allow long term storage. The pith was removed and the 
depithed bagasse was taken to the Australian Pulp and Paper 
Institute, Monash University, for pulping. The pulp was 
returned to Brisbane to analyse its chemical composition and 
size distribution and samples were sent to the Central Pulp and 
Paper Research Institute (CPPRI) in India for physical property 
testing. At a later time, a sample was sent to the University of 
British Columbia for kink and curl measurements.
BAgASSE pRETREATMENT
Bagasse (from cane variety Q208B) was collected from CSR 
Invicta Mill (now Sucrogen) in northern Australia.  It was 
thoroughly washed to remove sugar and prevent fermentation 
and the sample was air dried to allow long term storage in 
the laboratory.  This was achieved by immersing the bagasse 
in water and the mixture filtered using a fine wire mesh. The 
short fibres (‘fines’) in the filtrate were recovered by refiltering 
through the bagasse bed several times. It was estimated that 3% 
of the pith was lost through this washing process. The sample 
was then air-dried on a tarpaulin to 10-15% moisture and placed 
in a refrigerator at 4 °C  (6). 
of the original material (i.e. 75% of the predominantly shorter 
fibrous material was removed). The ‘benchmark’ bagasse was 
prepared using a 4 mm screen in order to remove 30% of the 
(predominantly shorter) fibrous material prior to pulping. 
The microscopic images of the bagasse samples are shown 
in Figure 1.  The ‘coarse’ bagasse (a) contains a much lower 
proportion of ‘fines’ than the original raw bagasse (b). 
Fig. 1. Digital Photos of microsope images of (a) ‘coarse’ depithed 
and (b) raw bagasse
a b
Two bagasse samples were prepared for pulping; a heavily 
depithed ‘coarse’ bagasse  (75% of the shortest fibres removed 
by sieving)  and one ‘benchmark’ bagasse, depithed to a similar 
extent to that performed industrially (i.e. with 30% of the fibre 
removed). 
The first sample was prepared by screening the raw bagasse 
through a mesh sieve with an aperture size of 12.5 mm.  Handfuls 
of around 50 g of bagasse were manually sieved to achieve the 
separation.  The ‘coarse’ bagasse obtained had approx. 25% 
pULp pREpARATION
The bagasse pulp samples were produced in a 6×1.5 L cell ‘flow-
through’ digester at Monash University (APPI), Melbourne (24). 
Fifty litres of cooking liquor was recirculated through six cells 
containing the fractionated bagasse. The pulping conditions 
were 0.4 M sodium hydroxide (approx. 13.8% Na2O on oven 
dry fibre) and 0.1%, anthraquinone, AQ, (on oven dry fibre) at 
145 °C for 30 min. Around 80 g to 100 g of pulp was produced 
in each cell. As this study was a small component of a larger 
investigation on increased depithing, there were duplicates for 
the ‘coarse’ pulp but only one sample of the ‘benchmark’ pulp 
was produced. It was impractical to produce a duplicate sample. 
As only one sample of the ‘benchmark’ pulp was obtained, the 
comparisons in this preliminary work are provisional. 
In order to remove uncooked material, each pulp sample was 
screened through a 200 μm slotted Packer screen with water 
recirculation.  The pulp samples were not allowed to dry at any 
stage.
FIBRE LENgTH
Fibre length analysis was performed on a Kajaani Fibre Analyser 
FS100.  The results are presented on a length weighted basis, i.e.
Where Lw is the length weighted fibre length, Li is the length 
of the ith fibre length category, ni is the number of fibres with 
length Li.
dEWATERINg pOTENTIAL
For bagasse pulp, the dewatering potential can be inferred from 
simple permeability experiments as changes in pith content 
affect the dewatering potential under compression for both 
dynamic and static conditions (5,6,7,8).  The pulp samples 
were assessed for their permeability using a permeability cell 
described previously (5,6).  Pulp is loaded into a vertical Perspex 
tube.  Water flows into the cell at a fixed pressure, saturating 
the fibre. The flowrate is measured with a stopwatch whilst the 
pressure drop is measured with manometers.
        [1]
where Q is the volumetric flow rate through a bed of porous material 
with cross-sectional area A, ΔP is the frictional pressure drop across 
the length (ΔL) of the porous media bed, μ is the fluid viscosity and 
K is the specific hydrodynamic permeability of the porous material. 
However, since the permeability varies with pulp concentration, the 
specific surface area of pulp fibres, Sv, is a more useful comparative 
parameter.
178     Appita Technology • Innovation • Manufacturing • Environment
PEER REVIEWED
Vol 65 No 2 April - June 2012       1
PEER REVIEWED
A comparison between highly depithed and 
conventionally depithed bagasse pulp
THOMAS J. RAINEY
 Research Fellow
 Queensland University of Technology
 t.rainey@qut.edu.au
SUMMARY
Sugarcane bagasse pulp normally has high dewatering resistance and poor strength properties.  In a previous study 
it was shown that highly depithed bagasse chemical pulp has excellent dewatering properties which may improve 
the production rate of bagasse based tissue, paper and board. In this study pulp properties of this highly depithed 
bagasse pulp were tested and compared favourably with regular depithed bagasse pulp. In addition to better 
dewatering rates, the pulp yield, tear strength and water retention value seemingly improved. Whilst a slight reduction 
in burst, tensile and short-span compression strengths occurred, they were still comparable to values reported for a 
regular bagasse pulp.
KEYWORdS: 
Sugarcane, bagasse, depithing, pulp, dewatering
INTROdUCTION
The $2 billion pa Australian sugar industry is a single commodity 
producer and it is vulnerable financially because of its dependence 
on the world sugar price and favourable weather conditions. 
To increase diversification, the industry is investigating new 
products that can be made from fibrous sugarcane residue, that 
is, bagasse (1).  Bagasse pulp is a potential alternative to wood 
pulp for making fibrous products, such as paper, board and 
construction materials (2).  Although the international bagasse 
pulp and paper sector is worth in the order of $5 billion pa, there 
is no bagasse-based paper industry in Australia. Bagasse pulp is 
imported to Australia on a commercial scale for making tissue 
paper. Despite this apparent acceptability, high dewatering 
resistance and poor strength properties of Australian bagasse 
pulp are cited by the sugar industry as encumbrances that must 
be overcome.
The dewatering capacity of bagasse pulp is detrimentally affected 
by the presence of a very high amount of fine and short ‘pith’ 
fibres (length < 0.4 mm) (3,4) and this attribute dominates other 
bagasse pulp properties. These fibres constitute around 40% of 
the raw bagasse and the majority must be removed to make pulp 
of acceptable quality.  Conventional depithing equipment only 
removes 30% of the total mass of the raw bagasse.
The over-arching objective of this broader research project was 
to produce a pulp with low dewatering resistance, with a view 
to increasing productivity on a tissue, paper or board machine. 
It was found that by heavily depithing bagasse - removing a 
greater range of the shortest fibres (by sieving) by removing 
at least 40% and up to 75% of the raw bagasse- thick bagasse 
pulp pads were produced with lower dewatering resistance;  the 
effect of pith on the dewatering properties has been described 
previously (5 - 8).
The poor strength properties of Australian bagasse pulp was the 
focus of a concerted research effort in the 1980s by Gartside 
and co-workers (9-11). At that time, the strength properties were 
identified as a key concern, so in order to counter any further 
industry objections, it is necessary now to address the problem 
for pulps from bagasse with additional depithing. 
Bagasse pulp is most commonly used in tissue and photocopy 
grades since it has shorter pulp fibres (~1.0-1.2 mm fibre 
length) but it is also commonly used in corrugating medium, 
where it provides stiffness, and in newsprint, usually where 
an alternative is not available. Bagasse pulp tensile strength is 
affected by aspect ratio and fibre length; its tensile strength is in 
the order of 60-70 Nm.g whilst tear index is 5-7 mN.m2/g (3,4).  
There has been very few studies into depithing since Atchison 
described the state-of-the-art  over 30 years ago (12-16).  More 
recent research has included improving and maintaining 
conventional depithers (17,18), depithing other plant varieties 
such as sweet sorghum and cardunculus (19,20) and the effect of 
depithing on bagasse’s storage behaviour and the performance of 
sugar mill boilers (16,21,22).  Alternative processes for depithing 
are quite uncommon in the literature although Moeltner 
discussed techniques in the context of board manufacture (23).
Historically, there have been a number of designs for depithing 
equipment; modern commercial depithers mostly have the same 
operational principle as follows; a hammer mill is mounted on 
a vertical shaft.  The rotating assembly is mounted with straight 
hammers and operates at high speed, typically 1000 – 1800 rpm. 
The bagasse is fed into the top of the unit (typically) and it is 
hit by the hammers, opening up clumps of bagasse.  The pith 
is thrown through a screen whilst the longer bast material falls 
down the centre of the unit to a conveyor.  The pith is conveyed 
away to be burnt in the sugar mill boiler.  
Depithing usually occurs at the sugar mill so that the pith can 
be burnt to produce steam and electricity (i.e. pith is not lost) 
and to reduce raw bagasse transport costs. Bagasse depithing 
normally occurs in two stages.  In the first ‘moist depithing’ 
stage, the bagasse passes through the depither in the form 
it is received (i.e. ~50% moisture).  The second stage is ‘wet 
depithing’ whereby a bagasse slurry of 2.5% dry substance 
is depithed.  The problem with conventional depithing is that 
2     Appita Technology • Innovation • Manufacturing • Environment
PEER REVIEWED
although up to 35% of the shortest pith material is removed 
(30% is more common), a significant amount of pith remains. 
Depithed bagasse is stored wet in a stockpile for up to 12 months 
prior to pulping. Biologically active liquor circulates through the 
stockpile to further break down residual pith material.
This research compares the strength, optical and water retention 
properties of bagasse pulp from bagasse which has been treated 
with a high level of depithing (to improve its dewatering 
properties), with pulp from conventionally depithed bagasse. 
Economics were not considered in this study so that the impact 
of extra depithing costs and reduced bagasse to the pulping stage 
is not evaluated.
MATERIAL ANd METHOdS
Bagasse was collected from a sugar mill and transported to 
Brisbane where it was washed and dried to prevent degradation 
and allow long term storage. The pith was removed and the 
depithed bagasse was taken to the Australian Pulp and Paper 
Institute, Monash University, for pulping. The pulp was 
returned to Brisbane to analyse its chemical composition and 
size distribution and samples were sent to the Central Pulp and 
Paper Research Institute (CPPRI) in India for physical property 
testing. At a later time, a sample was sent to the University of 
British Columbia for kink and curl measurements.
BAgASSE pRETREATMENT
Bagasse (from cane variety Q208B) was collected from CSR 
Invicta Mill (now Sucrogen) in northern Australia.  It was 
thoroughly washed to remove sugar and prevent fermentation 
and the sample was air dried to allow long term storage in 
the laboratory.  This was achieved by immersing the bagasse 
in water and the mixture filtered using a fine wire mesh. The 
short fibres (‘fines’) in the filtrate were recovered by refiltering 
through the bagasse bed several times. It was estimated that 3% 
of the pith was lost through this washing process. The sample 
was then air-dried on a tarpaulin to 10-15% moisture and placed 
in a refrigerator at 4 °C  (6). 
of the original material (i.e. 75% of the predominantly shorter 
fibrous material was removed). The ‘benchmark’ bagasse was 
prepared using a 4 mm screen in order to remove 30% of the 
(predominantly shorter) fibrous material prior to pulping. 
The microscopic images of the bagasse samples are shown 
in Figure 1.  The ‘coarse’ bagasse (a) contains a much lower 
proportion of ‘fines’ than the original raw bagasse (b). 
Fig. 1. Digital Photos of microsope images of (a) ‘coarse’ depithed 
and (b) raw bagasse
a b
Two bagasse samples were prepared for pulping; a heavily 
depithed ‘coarse’ bagasse  (75% of the shortest fibres removed 
by sieving)  and one ‘benchmark’ bagasse, depithed to a similar 
extent to that performed industrially (i.e. with 30% of the fibre 
removed). 
The first sample was prepared by screening the raw bagasse 
through a mesh sieve with an aperture size of 12.5 mm.  Handfuls 
of around 50 g of bagasse were manually sieved to achieve the 
separation.  The ‘coarse’ bagasse obtained had approx. 25% 
pULp pREpARATION
The bagasse pulp samples were produced in a 6×1.5 L cell ‘flow-
through’ digester at Monash University (APPI), Melbourne (24). 
Fifty litres of cooking liquor was recirculated through six cells 
containing the fractionated bagasse. The pulping conditions 
were 0.4 M sodium hydroxide (approx. 13.8% Na2O on oven 
dry fibre) and 0.1%, anthraquinone, AQ, (on oven dry fibre) at 
145 °C for 30 min. Around 80 g to 100 g of pulp was produced 
in each cell. As this study was a small component of a larger 
investigation on increased depithing, there were duplicates for 
the ‘coarse’ pulp but only one sample of the ‘benchmark’ pulp 
was produced. It was impractical to produce a duplicate sample. 
As only one sample of the ‘benchmark’ pulp was obtained, the 
comparisons in this preliminary work are provisional. 
In order to remove uncooked material, each pulp sample was 
screened through a 200 μm slotted Packer screen with water 
recirculation.  The pulp samples were not allowed to dry at any 
stage.
FIBRE LENgTH
Fibre length analysis was performed on a Kajaani Fibre Analyser 
FS100.  The results are presented on a length weighted basis, i.e.
Where Lw is the length weighted fibre length, Li is the length 
of the ith fibre length category, ni is the number of fibres with 
length Li.
dEWATERINg pOTENTIAL
For bagasse pulp, the dewatering potential can be inferred from 
simple permeability experiments as changes in pith content 
affect the dewatering potential under compression for both 
dynamic and static conditions (5,6,7,8).  The pulp samples 
were assessed for their permeability using a permeability cell 
described previously (5,6).  Pulp is loaded into a vertical Perspex 
tube.  Water flows into the cell at a fixed pressure, saturating 
the fibre. The flowrate is measured with a stopwatch whilst the 
pressure drop is measured with manometers.
        [1]
where Q is the volumetric flow rate through a bed of porous material 
with cross-sectional area A, ΔP is the frictional pressure drop across 
the length (ΔL) of the porous media bed, μ is the fluid viscosity and 
K is the specific hydrodynamic permeability of the porous material. 
However, since the permeability varies with pulp concentration, the 
specific surface area of pulp fibres, Sv, is a more useful comparative 
parameter.
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where ε is the porosity (i.e. the void fraction), Sv is the specific 
surface area, and k is the Kozeny factor.  Unlike K, Sv is constant 
over a wide concentration range.  For this reason, Sv is used in 
this study as the principal permeability variable to compare the 
permeability between samples.  The Kozeny factor, k, takes into 
account the shape and fibre orientation of the material.
The methodology and results for the dewatering potential of 
bagasse pulp fibre has been thoroughly reported (5,6). The 
permeability experiments are not the focus of this study but, 
rather, lay the foundation for it.
pULp TESTINg
The following chemical analyses of bagasse and pulp samples were 
undertaken by using the methods of the USA National Renewable 
Energy Laboratory, Colorado, for biomass characterisation (25) as 
well as the Tappi method for kappa number. 
  • Carbohydrates in biomass by High Performance Liquid  
   Chromatography (NREL/TP-510-42618)
  • Kappa number (T236 om-99)
  • Acid-soluble and acid insoluble lignin (NREL/TP-510-  
  42617)
  • Ash (NREL/TP-510-42622)
  • Extractives (NREL/TP-510-42619)
It was not possible to test the pulp samples in Queensland, so 
samples were sent to the Central Pulp and Paper Research Institute, 
Saharanpur in India for analysis. This organisation was selected 
since it has extensive experience with bagasse and it has world class 
facilities.
The pulp samples were analysed for their strength properties, 
namely tensile, tear, compression and burst properties.  To measure 
the performance of bagasse pulp for board applications, short-span 
compression (an edgewise test) was measured. Additionally, the 
water retention value, (WRV) was measured.  WRV is an important 
parameter for pulp derived from agricultural crops which are often 
characterised by a large fraction of short fibre.  A high WRV indicates 
that the finished product will be more difficult to dry.  
The physical properties of the ‘coarse’ bagasse pulp were compared 
to the physical properties of the ‘benchmark’ bagasse pulp.  The 
performance of both the ‘coarse’ and ‘benchmark’ pulp were 
compared to literature values for ‘conventional’ bagasse pulp (3,4).    
The effect of pulp refining  was determined.  Pulps were beaten in 
the laboratory PFI mill for 1000 and 2000 rev (ISO 5264/2 method 
was used) and handsheets of 60 gsm were prepared according to the 
ISO 5269/1 method. The handsheets were tested after conditioning at 
temperature 27 ± 1 ºC and at a relative humidity of 65 ± 2%. 
At a later time, the pulp was analysed for kink and curl properties. The 
pulp samples were analysed on a Fibre Quality Analyser LDA 96, 
supplied by Optest Equipment, at the University of British Columbia, 
UBC.  Five thousand fibres were analysed for each sample.  The kink 
index is related to the number and magnitude of bends in the fibre. 
The curl index is calculated using the formula where L is the true 
length of the fibre and l is the apparent length of the fibre.
RESULTS ANd dISCUSSION
pULpINg
A cooking time of 30 min achieved an adequately low kappa 
number that would make the pulp suitable for bleached products 
(25.2 on average). This cooking time was suitable for both the 
‘coarse’ bagasse and the ‘benchmark’ bagasse.
The chemical pulping yield has been calculated on the same 
basis as for wood pulp, namely the amount of solid material 
recovered as a percentage of the amount of depithed bagasse put 
into the reactor, on a dry basis. The average chemical pulping 
yield for the ‘coarse’ fraction was 54.6%, similar to that found 
by Paul and Kasiviswanathan (4) who reported a pulp yield of 
54.4% for a highly depithed soda pulp.  The chemical pulping 
yield for the ‘benchmark’ pulp was lower, 46.1%, although 51% 
pulp yield is more typical for a conventional bagasse pulp.  The 
higher yield of the ‘coarse’ bagasse is presumably due to the 
fact that there is less ‘readily soluble’, pith like material, in the 
highly depithed ‘coarse’ bagasse.
The amount of pith removed prior to pulping is analogous to 
forestry waste, such as bark and thinnings, that is removed prior 
to wood pulping. It should be understood that the economics 
of extra depithing can only be calculated after consideration of
1. changes to the amount of the pith that is generated (and burnt 
  as fuel) 
2. changes in the value of the final amount of pulp produced, and 
3. the cost of extra depithing. 
pULp dEWATERINg
The ‘coarse’ bagasse pulp had a significantly higher permeability 
than the ‘benchmark’ bagasse pulp even when both samples were 
compressed.  The average specific surface area for the ‘coarse’ 
bagasse pulp samples was 1490 cm-1 compared with 4640 cm-1 
for the ‘benchmark’ bagasse pulp (6).  In addition to superior 
permeability properties, it had good compression properties 
under both steady-state and dynamic conditions.
FIBRE LENgTH dISTRIBUTION
The fibre length distributions of the two pulp samples are 
presented in Figure 2.  Bagasse pulp typically has a very broad 
fibre length distribution. The ‘coarse’ bagasse pulp exhibited 
a slight bimodal distribution, presumably due to the presence 
of sclerenchyma and parenchyma material.  The average fibre 
Fig. 2. Fibre length distribution of ‘coarse’ and ‘benchmark’ bagasse 
pulp
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length was 1.09 mm for ‘coarse’ pulp and 0.97 mm for the 
‘benchmark’ pulp primarily because more of the pith fibres (which 
produce the majority of the short pulp fibres) were removed.
CHEMICAL ANALYSIS
The results from the chemical analysis of the ‘coarse’ and 
‘benchmark’ pulp samples are presented in Table 1.  The acid 
insoluble lignin content for pulp cooked under these conditions 
is typically around 3% or less.  The pulp had around 1% acid 
soluble lignin.  The glucan, xylan and arabinan content of the 
‘coarse’ and ‘benchmark’ pulp hydrolysate are fairly similar.
 ‘Coarse’ ‘Benchmark’ 
 pulp pulp
%DCM extractives on air dry wt 0.17 0.46
%Acid Insoluble Residue 3.00 3.42
%Acid soluble lignin 0.93 0.9
%Ash on OD bagasse 0.484 0.862
%Glucan 68.4 71.8
%Xylan 23.3 26.9
%Arabinan 4.1 4.2
pHYSICAL pROpERTIES
As expected the ‘coarse’ bagasse pulp started with a much higher 
freeness than the ‘benchmark’ pulp because more of the shorter 
pith particles had been removed.  
 The tensile strength of both samples is reasonable, contrary 
to the sugar industry’s concerns.  The ‘benchmark’ pulp and 
the ‘coarse’ bagasse pulp had higher tensile strength than 
literature values for ‘conventional’ bagasse pulp reported by 
Giertz and Varma (3) and Paul and Kasiviswanathan (4). For 
both pulp samples, refining only made a modest improvement 
in tensile strength (+10%).  In comparison to the ‘benchmark’ 
bagasse pulp, the ‘coarse’ bagasse pulp had similar – though 
lower – tensile strength for a given freeness and sheet density 
(Fig. 3). Despite the longer fibre length, it is possible that the 
‘coarse’ bagasse pulp produced a more flocculated handsheet, 
offsetting the advantage of the longer fibres when compared to 
the ‘benchmark’ pulp. Less fines may also have reduced contact 
area and also contributed to this effect.
The two bagasse pulp samples had similar apparent density once 
they had been refined (Fig. 4).  There is no obvious reason why 
the ‘coarse’ pulp had a higher initial density than the ‘benchmark’ 
pulp.  It had been thought that the higher level of fine fibre would 
‘fill-in’ between the coarser fibres.
The ‘coarse’ bagasse pulp had much higher tear strength than 
the ‘benchmark’ pulp. The higher tear strength is presumably 
due to the higher proportion of longer fibres in the ‘coarse’ pulp. 
However, for both samples, as shown in Fig. 4, refining had a 
significant detrimental effect on their tear index (-20%) which 
is a characteristic of bagasse pulp since the fibres are relatively 
weak and fibre shortening is expected with refining.  The ‘coarse’ 
bagasse pulp had tear strength similar to the literature values for 
‘conventional’ bagasse pulp (3,4) (in the range 5.5-6.1 mN.m2/g). 
Table 1 Chemical analysis of raw ‘coarse’ bagasse and ‘benchmark’ 
bagasse pulp
As shown in Fig. 4, ‘coarse’ bagasse pulp also had slightly lower 
burst strength than the ‘benchmark’ bagasse.  However, the 
burst properties were higher than for a ‘conventional’ bagasse 
pulp reported by Paul and Kasiviswanathan (3.6 kPa.m2/g) (4). 
Refining was moderately effective on the burst index of both 
pulps (‘coarse’ bagasse pulp increased 21% and the ‘benchmark’ 
pulp increased 49%).  
The ‘benchmark’ pulp seemed to have slightly better 
performance than the ‘coarse’ pulp in short-span compression 
testing (Fig. 4) which is important for board applications.  Both 
pulp samples had better short-span compression than the wood 
pulp decribed by Morgan (26). Bagasse pulp produced using a 
chemical process has the same effect as a mechanically produced 
pulp for improving sheet short-span compression properties.
The ‘coarse’ bagasse pulp had better (i.e. lower) WRV than 
the ‘benchmark’ pulp (Fig. 5).  This is consistent with less fine 
material and hence less specific surface area for absorption.  As 
expected, refining was detrimental to WRV. 
The curl and kink index (Table 2) was much lower for the ‘coarse’ 
bagasse pulp than for the ‘benchmark’ bagasse pulp.  Presumably, 
sclerenchyma cells in the coarse ‘chip-like’ material had been 
damaged to a lesser extent during sugar extraction than in the 
material used to prepare the ‘benchmark’ pulp.  This may further 
explain the better tear properties of the ‘coarse’ bagasse.
Fig. 3. Tensile strength of bagasse pulp as a function of (a) Canadian 
Standard Freeness; and (b) Density.
a
b
Table 2 Curl and kink index measurements for bagasse pulp samples
 Curl, length weighted basis [-] Kink index [mm-1]
‘Coarse’ bagasse pulp 0.055 0.78
‘Benchmark’ bagasse pulp 0.079 1.24
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length was 1.09 mm for ‘coarse’ pulp and 0.97 mm for the 
‘benchmark’ pulp primarily because more of the pith fibres (which 
produce the majority of the short pulp fibres) were removed.
CHEMICAL ANALYSIS
The results from the chemical analysis of the ‘coarse’ and 
‘benchmark’ pulp samples are presented in Table 1.  The acid 
insoluble lignin content for pulp cooked under these conditions 
is typically around 3% or less.  The pulp had around 1% acid 
soluble lignin.  The glucan, xylan and arabinan content of the 
‘coarse’ and ‘benchmark’ pulp hydrolysate are fairly similar.
 ‘Coarse’ ‘Benchmark’ 
 pulp pulp
%DCM extractives on air dry wt 0.17 0.46
%Acid Insoluble Residue 3.00 3.42
%Acid soluble lignin 0.93 0.9
%Ash on OD bagasse 0.484 0.862
%Glucan 68.4 71.8
%Xylan 23.3 26.9
%Arabinan 4.1 4.2
pHYSICAL pROpERTIES
As expected the ‘coarse’ bagasse pulp started with a much higher 
freeness than the ‘benchmark’ pulp because more of the shorter 
pith particles had been removed.  
 The tensile strength of both samples is reasonable, contrary 
to the sugar industry’s concerns.  The ‘benchmark’ pulp and 
the ‘coarse’ bagasse pulp had higher tensile strength than 
literature values for ‘conventional’ bagasse pulp reported by 
Giertz and Varma (3) and Paul and Kasiviswanathan (4). For 
both pulp samples, refining only made a modest improvement 
in tensile strength (+10%).  In comparison to the ‘benchmark’ 
bagasse pulp, the ‘coarse’ bagasse pulp had similar – though 
lower – tensile strength for a given freeness and sheet density 
(Fig. 3). Despite the longer fibre length, it is possible that the 
‘coarse’ bagasse pulp produced a more flocculated handsheet, 
offsetting the advantage of the longer fibres when compared to 
the ‘benchmark’ pulp. Less fines may also have reduced contact 
area and also contributed to this effect.
The two bagasse pulp samples had similar apparent density once 
they had been refined (Fig. 4).  There is no obvious reason why 
the ‘coarse’ pulp had a higher initial density than the ‘benchmark’ 
pulp.  It had been thought that the higher level of fine fibre would 
‘fill-in’ between the coarser fibres.
The ‘coarse’ bagasse pulp had much higher tear strength than 
the ‘benchmark’ pulp. The higher tear strength is presumably 
due to the higher proportion of longer fibres in the ‘coarse’ pulp. 
However, for both samples, as shown in Fig. 4, refining had a 
significant detrimental effect on their tear index (-20%) which 
is a characteristic of bagasse pulp since the fibres are relatively 
weak and fibre shortening is expected with refining.  The ‘coarse’ 
bagasse pulp had tear strength similar to the literature values for 
‘conventional’ bagasse pulp (3,4) (in the range 5.5-6.1 mN.m2/g). 
Table 1 Chemical analysis of raw ‘coarse’ bagasse and ‘benchmark’ 
bagasse pulp
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pulps (‘coarse’ bagasse pulp increased 21% and the ‘benchmark’ 
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testing (Fig. 4) which is important for board applications.  Both 
pulp samples had better short-span compression than the wood 
pulp decribed by Morgan (26). Bagasse pulp produced using a 
chemical process has the same effect as a mechanically produced 
pulp for improving sheet short-span compression properties.
The ‘coarse’ bagasse pulp had better (i.e. lower) WRV than 
the ‘benchmark’ pulp (Fig. 5).  This is consistent with less fine 
material and hence less specific surface area for absorption.  As 
expected, refining was detrimental to WRV. 
The curl and kink index (Table 2) was much lower for the ‘coarse’ 
bagasse pulp than for the ‘benchmark’ bagasse pulp.  Presumably, 
sclerenchyma cells in the coarse ‘chip-like’ material had been 
damaged to a lesser extent during sugar extraction than in the 
material used to prepare the ‘benchmark’ pulp.  This may further 
explain the better tear properties of the ‘coarse’ bagasse.
Fig. 3. Tensile strength of bagasse pulp as a function of (a) Canadian 
Standard Freeness; and (b) Density.
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Table 2 Curl and kink index measurements for bagasse pulp samples
 Curl, length weighted basis [-] Kink index [mm-1]
‘Coarse’ bagasse pulp 0.055 0.78
‘Benchmark’ bagasse pulp 0.079 1.24
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Fig. 5. Water Retention Value as a function of (a) freeness and (b) sheet density
Fig. 4. Properties of bagasse pulp (a) Density; (b) Tear Index; (c) Burst Index; and (d) Short-span compression Index.
a
c
a
b
d
b
CONCLUSION
Highly depithed Australian bagasse pulp has superior dewatering 
capacity than conventional bagasse pulp and its properties are 
mostly similar, or better than, other literature values making it a 
suitable replacement for imported bagasse pulp.
Increasing the depithing level of the studied bagasse pulp 
substantially increases the ‘chemical’ pulp yield and tear strength 
whilst slightly improving (i.e. reducing) Water Retention Value. 
The burst and edgewise compressive strength of the ‘coarse’ 
bagasse pulp may be slightly adversely affected although the 
property values achieved compared favourably with the values 
reported for equivalent conventional pulp.  
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